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Selamatdatang di Seminar Nasbnal Energi Terbarukan dan Produksi Betsih (SENTER PROBE 2012).
Kami sangat sefiang sekali mendapaU<an kelrcrmatan sebagaitsn rumah dalam seminar ini. Seminar
ini bertujuan menyatukan pana kademisi, peneliti, dan prahisi unfuk saling hrtukar informasi dan
membagi pengalaman-pengdaman, kle'ide, dan hasil penelitian nercka. Seminar inidiharapkan iuga
dapat membed mmukan bagi hrbagai pihak terubma dalam bidang energiterbarukan d  produksi
bercih. Dalam seminar inijuga diharapkan dapat nenyemangati dan membangun kerjasama antiara
pihak akademik, pneliti, dan indusfi.
Panitia telah menyeleksi 102 makalah unfuk dipesenhikan dari seluruh wilayah lndonesia, Tiga orarg
keynote speaker juga akan menyampaikan kuliah umum ilEngenai energi terbarukan dan produksi
bersih yang akan memberikan t osfir akademik yang bak dalam seminar ini.
Kami yakin dengan dukungan dad semua pihak, emhar ini berpotensisebagaiforum uta a dalam
kerjasama antara peneliti, akademisi, dan industri serb dryt membedlcan masukan dalam masalah-
masalah krisis energidan produksi bersih di Indonesia. Kamibe$arap Bapak-bapak dan lbu-ibu akan
mengalamiwakfu yang menyenangkan selama berkunjung di Lampung ini. Kurang lebihnya jika ada
yang yang tldak berkenan atas penyebnggaraan k mi, kami dari panilia SENTER PROBE 2012
memohon maaf yang sebesar-besamya.
TerimaKasih,
Salam Kami,
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AbsrrM
This paper reparts a nonlfuear parametricfinite element stu$r of pressurized circttlar twoidal tank
with no*radial qilindrical nozzle. Followittg to previous study by one af the authors who shows lhat radius
rdio of 4 gives the higlrest limit pressure, the study was extended to determine tle position of non-radial
cylinhical nozzle that gves the highest limit pressure. Toroidal tank hoving tlp sarne volwne as
PERTAMNA LPG 3kg of 7.3 liter and radius rilio of 4 were wed in this sady. Cylindrical nonle of 12.5
mm diarneter and l0 mm leightwas attached perpendicular to plane of the toroid- The positian of nozzle was
made various qlong a major radius of the torus, {ram introdos to intrsdos. Tle position of nonle was varied
every 5 mm, from ll5 mm to 210 mm. The mmitmtm applied internal pressure was 1.5 times pressune to
yield. limits presEune were obtained via nonlinear Jinite element analysis using the well-known Newton-
Raphson algorithmwith lorge deformation It wasfound that ile best designfor nozzle position" indkated hy
the highest limit pressure, is located between crown atd *trados and close to extrados. This result conforms
to tlp membrane tleary tlwt the highest stress accurs ot the intrados and wzzle shall not be located tzext o
that loeation.
Ke;rnrords: pressurizcd toroidal tank, Iirnit pressure, Jinite elemen arnlysis.
Introduction
In order to reduce the consumsion of kerosine in
Indonesian horrsehold, the govemment of Indonesia
initiate a program ofkerosine to LPG conversion in
200?. The target of the program is to reduce the
kerosine consumtion by 9.9 million kilo liters in
2012. This was done by distibr{ing into household
I-PG 3-kg storage tank ard valve, free of charge,
included its gas content and accesofies.
In running the program, however, there were
many accldents eaused by burst type foilure of the
LPG tank. These accidents result in corvErsion
program run unsmooth. There were mauy pwple
then, reflrse to follow the convsrsion prograrn. One
of the reason is conceming the safsty factor of the
tank. Image among the people isthat the quality of
the tank is bad and the possiblity of accident ie
very high.
The LPG storage tank used is cylindrical in fornr
with semi elliptical head at both ends. If the
conv9rsioll program of kmosine to LPG to be
continued beyond 2012, bredctlnough is needed in
addition to intensive edurtion program to the
pe0ple. Here, toroidal tank is proposed to substitute
the gurrent cylindrical shape used for LPG 3.kg.
The study of static dan dynamic behaviour of
toroidal shell had been carried out by many
researchers, Frce vibration analysisi of two toroidal
shell hiad been canied out by Tzou dar V/ang [] to
control the vib'ration of toroidal shell $tructur€ and to
enhanpe its accuracy and reliability. Jiang dan
Redekop [2] carried out analysis of static dan
dynamic pharecteristics or orthotropic toroidal
shells of variablp thickness and obfained solution
based on the shell equations ofSanders.Budiansky.
Experimental limit external pres$ure tests had been
carried out on three toroidal tanks by Btachut [3],
two of the tanks were fabricated from mild steel by
spinning two part of toroidal and welded at its
inhados and eirilados, while another one was
fabricated by welding circrrnferontially four 90-
degree elbows. Stress and strain analysis of LPG
tanks had beerr carrlod out by Velickovic [4] using
finitp element method. Kisioglu [5] is one of few
resemchers who had carried out investigatiort on
limit pressure of toroidal ta* of LPG storage for
vehicle in Turkey. To the best ofauthors knowledge
itwas not found in literatures a comprehensive study
of strength design of toroidal tarfts for LPG 3-kg,
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particulaly for using in Indonesian househol4 apart
from a finite element pammetric study by Lubis [61
to find the radius ratio oftoroidal tank that giveu the
highest limit pressure. Toroidal tanks ussd in his
study were without rtozzle, therefore only membmne
effect was included, Thie paper reports results of
nonlinear finite element parametric study of of
toroidal taoks with non-radial flush nozzle to find
the highest limit presnne.
NNITEELEMENMETIIOD
The modcl of toroidal tankproposed hefe is based
on the LPG 3kg of PERIAMINA used nowadays in




. Operating pressure: 2.1 MPa
] Hydrostatic pressure: 3"2 MPa
The volume of a toroidal tank is calculated as
follows:
V = ttrz h= rr2.2i&.=2n2r2R (l)
wher€, r is the radlus oftoroidal sross-section and R
is major radius of toroidal.
Ifpdrrameterp =R/r is introduced, equation (l) oart
be written as follows:
Y =2r2rt p {2i
Hence, the radius of cro$$-section for different
value ofradius ratio is calculated as follows
r /(v) / '
7; l  
-  
|  (3)'  
\zo'P)
Lubis [6] has shown that toroidal tank having
radius ratio of 4 gives the higtest limit pressure.
Therefore, cross-section radius of the tank was
calculated a$ followel
11,3 x 106\1/3
r=l- l  =45.2mm
\ Sttz I 
'-* -
The oonesponding radius ofcrurvature rlras 180.9
rlm.
The locatiorts of non-radial flush nozzle af 12.5
mm diamster and l0 mm height was studied
parametrically to obtain the highest lirtrit pressure.
The nozle was pldced along the major radius of
totus, varisd from some distance to intados to $ome
distance to sr(tados. Table I below shows the
location of the nozzle, measured from the csnter of
the toroidal plme:
2,1 Geometry Modelling
Geometry modeling was done in toroidal
coordinate. Tbrup geometry was obtained by rotating




, , . i
Fig.l Geomety modeling at totoidal coordinate
22 Maerial propeaies
The current LPG 3 kg cylindrical shell is made
from steel shed tilde) of PT Klakatau Stccl Teith
specific*ion IIS G3ll6 SC-295, and 2.3 mm
thickness. Cilbon steel with specification G3l0l
SS42, thicknsss of ?.5 mm is used fot handguad
anrd footring also &om PT Krakatau Steel. While
welding wire us€d for cirstmferential joint is
supplied &om Cina with spesification EM 12 K [9],
Table 1 Incation of noale measured from center of
t7L
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The material properties needed for linit pr€$surc
fnite element studies are Young's rnodulus, yield
stengtb and Poisson's ratio of 207 GPa 295 MPq
and 0.3 respectively t9l. In this uralysis it was
assumed ttrat the toroidal tank is fabricated by
welding four 90o elbows circumferentially. I( was
atso as$msd thd the circrrrlfermtial joint is defect
fice (ioint efficienoy = l)- Other ossumtion was thc
thickness of tbe shell is uniform werywhere.
2"3 Finite Element (Meshing)
Finite olements were diyided both circumferentially
and longitudinally. Elernen q/pc nscs was
SlmLL28l from the ANSYS element library. This
elemEnt has eight nodes with sh degree of freedom
at every node; fianslation in the -& -y, and -z
direction and rotation about the 
-x, -y, and -z axis.
The number of element$ in longiardinal and
circurnferrntial direction w€re 180 and 36
respectively. The number of elemefts for the nozde
ar.e'120. The total number of olentents are 6637 wittr
correspording nodes of 20014. Typical finite
elernent nodel is shown in Fig.Z.
Zto. ( ,-l )D" =rt  I  (4)r  \2P- '1
Using thc value of r of 45.2 mm, thickness of 2.3
mm, yield gfress of 295 MPa rrd radius rmio of 4"
pressure to yield wss obtained as foloows:
2 x2.3 x295 x3
PY= 45,2x7 * \2.866MPa
In this analysis, internal pressure load of l.5py
was applied. To obtain the limit pr6surs, int€rnal
prcs$ure load was rarnped in single load step.
Newton-Raphson algorithrn for nonlinear solution
was implemetrted.
RESUL?S AIID DISCUSSION
Figure 3 shows typical str€s$ oontour plot when limit
prc$sur€ is achieved. It was plotted for wwle
position of 4.49d, where d is cross.section diameter
of ths toraidal tank. The limit pressure for this
nozzle position is 14.23 NFa
Fig.2 FE Modet ofToreidal Tdrk
2.4 Bomdty Conditions andLaading
For finite elemen model as shown in Figure 2 with
internal prressure loadrng boundary conditions that
need to be applied is zero displacemerr in
longitudtnal direction of all nodes located at 45
degree longituditrally ofthe toroidal plane.
Intemal pressrue load (MPa) that need to be
applied to obtain limit pressure can be estimated by
calorlating the interrml pres$ure nesded for yielding
py. For material pmpe,rties of LPG tank nS G3ll6
SC-295 {ay * 295 MP$, itrtsrnal pr€ssure for
yielding carrbe calculatedapoording to the followirg
equation:
Fig"3 Typicel stre$s contour for limit condition
Figure 4 shows oondfunensional lirtit pressrne for
different nozzle position, measurd fiom intrados
radial to exfados. It cm be sesn fiom the figure that
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Figure 6 slows the value of plastic limit strain
plotted againts nozzle position. Figure 6 again shows
&at thc best design for nozde position is close to
















Fig.4 Limit pressure LPG toroidal tank
From equation (4), pv:12.868 MPa so thatps:
1.142 x 12.E68 MPa* 14.7 MPa
Lubis et al Fl samisd out finit€ element stu$ on
limit pressure of cunent LPG Tank 3kg of
PERIAMINA, and found the value of 6.54 MPa
Comparing this value with results from the present
analysis, it can be ssen that strength of torodal tank
is more than twice.
Lubis [6] has also shown that limit pressure for
the same toroidal tanh but without nozzle is 14.8
MPa. The preser$ results indicated that nozzle in
toroidal tank reduce the limit pressure slightly, with
only srnall bending effect.
Figure 5 shows nondimensional medmum
stresses plotted against nozzle position measured
from intrados. It can be seenthat modmum stress oL
become lower as the noale moves close to extrados.
This result confirms fin membrano theory that the
lowest pressure located at Xhe extrados. However,
there is slightly fluctuation both in intrados and
extrados rvgion. This probably would not be
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Fig.6 Plastic limit srain for toroidal tank
From figure 4, 5, and 6, it was then depided to
choose toroidal tank having a non-radial nozzle
located to e)drados, i.e.,0,767 times the diameter qf
cro$s-sectioL
Having e$tabli$hed the best design based on
radius ratio (p = 4) and non-radial flush nozzlg the
noxt steps are to design for radial flush nozzle, radial
portrude twzzlg, non-radial protrude nozzleo and
toroidal elliptic/oval with non-radial nozzle. These
aspccts will bc analyzed fintha elsewhere
CONCLUSION
From the foregoing discussion of pararnetric
studios to obtain the limit pressure of totoidal shell,
the following conclusion can be drawn: (l) the best
design oftoroidal tarft for LPG 3kg is toroidal tank
having radius ratio of4. (2) For toroidal tank having
non-radial flush nozzlq such nozzlE should be
located close to exkados.
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